(AEs) occurred in 93.2% of patients and were mostly mild (36.7%) or moderate (39.0%). Commonly reported AEs were diarrhea (34.5%), pyrexia (27.3%), decreased appetite (25.4%), and somnolence (24.6%). Seventeen patients (6.4%) discontinued due to AEs. Twenty-two of the 128 patients from GWPCARE1 (17.2%), all taking valproic acid, had liver transaminase elevations ≥3 times the upper limit of normal. In patients from GWPCARE1 Part B, the median reduction from baseline in monthly seizure frequency assessed in 12-week periods up to week 48 ranged from 38% to 44% for convulsive seizures and 39% to 51% for total seizures. After 48 weeks of treatment, 85% of patients/caregivers reported improvement in the patient's overall condition on the Subject/Caregiver Global Impression of Change scale. Significance: This trial shows that long-term CBD treatment had an acceptable safety profile and led to sustained, clinically meaningful reductions in seizure frequency in patients with treatment-resistant DS.
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| INTRODUCTION
Dravet syndrome (DS) is a severe epileptic encephalopathy with onset during the first year of life. 1 DS is characterized by the onset of recurrent febrile and/or afebrile generalized or hemiclonic seizures or status epilepticus on a background of normal development, followed by multiple seizure types, including myoclonic, absence, and focal impaired awareness seizures. 1 Convulsive seizures (tonicclonic and/or clonic seizures) can occur throughout patients' lives. 1 Incidence estimates range from 1 in 15 700
to 40 000 infants, [2] [3] [4] [5] and early mortality is high, with sudden unexplained death in epilepsy (SUDEP) and status epilepticus as the leading causes of death. 6, 7 DS results from mutations in the gene encoding the α1 subunit of the voltage-gated sodium channel (Nav1.1) encoded by SCN1A in 70%-80% of cases, whereas mutations in other voltagegated sodium channel subunits as well as other ion channels can also cause DS. [8] [9] [10] [11] [12] Seizures in DS are often drug resistant. First-line antiseizure drugs, commonly referred to as antiepileptic drugs (AEDs), are clobazam and valproic acid. If seizure control is suboptimal, second-line add-on therapies include stiripentol, topiramate, or ketogenic diet, with clonazepam, levetiracetam, and zonisamide as third-line therapies. 13, 14 Stiripentol as adjunctive therapy with clobazam and valproic acid is the only therapy specifically approved for DS in Europe and the United States. GW Pharmaceuticals' formulation of highly purified cannabidiol (CBD; Epidiolex) was the first treatment that was approved by the US Food and Drug Administration (FDA) for patients with seizures associated with DS ≥2 years old in June 2018, followed by the FDA's approval of stiripentol as adjunctive therapy with clobazam in August 2018.
CBD is a phytocannabinoid derived from Cannabis sativa 15 and has antiseizure activity in vitro, in animal seizure models, and in a mouse model of DS. [16] [17] [18] CBD is unique and structurally distinct in comparison to currently available AEDs, with potentially novel multimodal mechanisms of action including reducing neuronal hyperexcitability through the transient receptor potential vanilloid 1 (TRPV1), antagonism of the G-protein coupled receptor 55 (GPR55), and modulation of adenosine reuptake. [18] [19] [20] Inhibition of the orphan receptor GPR55 by CBD is a lead candidate mechanism of antiseizure activity. 18 At physiologically achievable concentrations, CBD does not bind directly to or activate cannabinoid receptors CB1 or CB2. [20] [21] [22] In 214 pediatric patients with childhood-onset treatmentresistant epilepsy (20% of whom had DS) treated with GW Pharmaceuticals' formulation of CBD in physician-initiated expanded-access programs, add-on CBD reduced seizure frequency with an acceptable safety profile, 23 with a second, recently completed analysis extending the findings through 96 weeks in 607 patients. 24 A 14-week, doubleblind, placebo-controlled trial (GWPCARE1 Part B) in patients with DS demonstrated a significant reduction in convulsive seizure frequency with CBD vs placebo, with higher rates of adverse events (AEs; including somnolence and diarrhea) and reversible liver enzyme elevations.
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GWPCARE5 is an ongoing open-label extension trial of add-on CBD in patients with DS who completed GWPCARE1 or GWPCARE2 (a placebo-controlled trial in patients with DS ongoing at the time of this analysis) and patients with Lennox-Gastaut syndrome (LGS) who completed treatment in one of 2 phase 3 trials (GWPCARE3 and GWPCARE4). Herein we report the safety, efficacy, and patient-reported outcomes for patients with DS enrolled in GWPCARE5.
| METHODS
Patients who completed the treatment period in trials GWPCARE1 (Part A, NCT02091206; Part B, NCT02091375) or GWPCARE2 (NCT02224703) were eligible for enrollment in GWPCARE5 (NCT02224573), an open-label extension trial. All patients had a clinical diagnosis of DS, confirmed by
Key Points
• Two hundred sixty-four patients with Dravet syndrome were treated with long-term CBD (mean modal dose 21 mg/kg/d, median treatment 274 days) • The most common AEs were diarrhea, pyrexia, decreased appetite, and somnolence, and most were mild to moderate in severity • Sustained reductions in convulsive and total seizures were observed through 48 weeks • Eighty-five percent of patients/caregivers reported improvement in overall condition after 48 weeks of treatment the Epilepsy Study Consortium, that was inadequately controlled by ≥1 current AED. Patients from GWPCARE1 Part B and GWPCARE2 were 2-18 years of age with ≥4 convulsive seizures in the 4-week baseline period, whereas patients from the dose-ranging study GWPCARE1 Part A were 4-10 years of age with <4 convulsive seizures during the 4-week baseline period. Convulsive seizures in the trials were defined as tonicclonic, tonic, clonic, and atonic seizures. No trial procedures were carried out until written consent was obtained from patients or their parent, caregiver, or legal representative, and, when possible, written assent had been obtained from the patient. The informed consent form, protocol, and amendments for this trial were submitted to and approved by the institutional review board or independent ethics committee at each trial site.
Patients received a pharmaceutical formulation of highly purified, plant-derived CBD (100 mg/mL) as an oral solution (GW Research Ltd), titrated from 2.5 mg/kg/ d to 20 mg/kg/d and administered in 2 divided doses over a 2-week period, and they continued to receive this dose during the maintenance period. Patients received CBD in addition to their current AEDs. Investigators could decrease the dose of CBD and/or concomitant AEDs if a patient experienced intolerance or could increase the dose to a maximum of 30 mg/kg/d, if thought to be of benefit by the physician. Patients could receive treatment for up to 1 year (United Kingdom, Spain, The Netherlands, Israel) or up to 3 years (United States, France, Poland). Upon completion of the open-label extension, the dose of CBD was tapered to 10% per day for 10 days for patients not continuing treatment. A follow-up visit was performed 4 weeks (±3 days) after the last dose of CBD in patients completing or withdrawing from the trials (including the last tapered dose, where applicable). The data cut for this interim analysis was November 3, 2016.
The primary objective of this open-label extension was to evaluate the long-term safety and tolerability of adjunctive CBD treatment, based on treatment-emergent AEs (occurring at any time during the open-label extension from enrollment through the follow-up visit), vital signs, 12-lead electrocardiograms, and clinical laboratory parameters. Secondary objectives were to evaluate the efficacy of CBD as determined by changes in convulsive seizure and total seizure frequency, seizure reduction responder rates (proportion of patients with ≥25%, ≥50%, ≥75%, and 100% reductions in convulsive and total seizure frequency), episodes of status epilepticus, and patient-reported outcomes based on changes in the Subject/Caregiver Global Impression of Change (S/CGIC) scale.
Caregivers completed a paper diary daily to record AEs and daily use of CBD, concomitant AEDs, and rescue medications. Information on seizure number and type was collected through an interactive voice recording system telephone diary, completed weekly. Blood and urine sampling for clinical laboratory assessments was carried out at all clinic visits. The 7-point S/CGIC scale (Appendix S1) was assessed at weeks 24, 36, and 48; if both caregiver and patient completed the S/CGIC, the caregiver score was used (Appendix S1).
No formal sample size calculations were performed; only patients who completed treatment in placebo-controlled trials were eligible for inclusion. Safety analyses (except for liver transaminase analyses) included all enrolled patients (n = 264). Patients who originally enrolled in GWPCARE2 were excluded from efficacy analyses and liver transaminase analyses, as that trial was ongoing and not yet unblinded at the time of this interim analysis; these patients were included in patient-reported outcome analyses, which were not dependent on baseline values. Patients originally enrolled in GWPCARE1 Part A were excluded from both efficacy and patient-reported outcomes analyses, as that trial had randomization criteria that was different from GWPCARE1 Part B and GWPCARE2 (<4 convulsive seizures vs ≥4 convulsive seizures in the baseline period, respectively). Thus, the safety population included 264 patients, and the efficacy population included 104 patients (Figure 1 ).
Seizure frequencies (per 28 days) were determined for each 12-week period of treatment. Percentage change in seizure frequency was calculated relative to the prerandomization baseline period from the parent placebo-controlled trial. Analyses of seizure frequency and seizure reduction responder rates were repeated using inclusion of a last observation carried forward (LOCF) step, described in detail in Appendix S1. Analyses were descriptive, and there was no formal hypothesis testing.
| RESULTS

| Patients
A total of 140 patients with DS completed treatment in GWPCARE1, of whom 128 enrolled in GWPCARE5. At the time of the data cut, 138 patients had completed treatment in the ongoing GWPCARE2 trial, of whom 136 enrolled in GWPCARE5, for a total of 264 enrolled patients with DS in GWPCARE5 (Figure 1) Table S1 . Thirty-four patients (12.9%) had completed treatment (per country-specific protocols that limited treatment to 1 year), and 155 patients (58.7%) had ongoing treatment; median CBD treatment duration was 274 days (range 1-512 days). There were 7 patients with treatment <14 days, of whom only 2 reported seizure data and were included in the efficacy analysis for the first 1-to 12-week visit window. The retention rate at 1 year, calculated as the number of patients who reached the 49-60 week visit window divided by the total number of patients who could have reached it at the time of this analysis, was 73% (120/165).
The mean modal dose was 21.2 mg/kg/d over the treatment period for all patients. Over each 12-week reporting interval, and for the duration of the trial period to the data cut, the daily dose remained stable: the mean modal dose per 12-week reporting interval ranged from 19.9 to 22.7 mg/kg/d over the first 48 weeks of treatment, and during the last 12 weeks of treatment, the mean modal dose was 21.5 mg/kg/d (n = 257).
The patient population was well balanced between genders, and approximately 70% of patients were receiving ≥3 concurrent AEDs during the trial, with more than 60% of patients taking clobazam and/or valproic acid (Table 1) . Patients who were originally enrolled in GWPCARE1 discontinued a median of 4 AEDs before receiving study drug in that trial.
| Safety
Treatment-emergent AEs were reported by 246 of 264 patients (93.2%), with a slightly higher incidence in patients with a modal dose >20 vs ≤20 mg/kg/d (Table 2) .
Maximum AE severity was mild (36.7%) or moderate (39.0%) in most patients. Diarrhea, pyrexia, decreased appetite, and somnolence were the most commonly reported AEs. Decreased body weight was reported as an AE in 14 patients (5.3%), and the majority of AEs (13 of 14) were of mild or moderate severity. Serious AEs were reported in 77 patients (29.2%), with status epilepticus, | 297 convulsion, and pyrexia the most commonly reported (Table 2 ). There were 19 discontinuations due to AEs (7.2%), most commonly (>1%) due to increased alanine aminotransferase (ALT) and/or aspartate aminotransferase (AST) levels (n = 10 [3.8%]), convulsion (n = 4 [1.5%]), and liver function test abnormality (n = 3 [1.1%]); patients could discontinue due to multiple AEs. There were 2 deaths during the trial, both due to SUDEP and considered unrelated to treatment by the investigator.
Of the 128 patients who enrolled from GWPCARE1, 71 (55%) were receiving concomitant valproic acid, and of these, 22 (31%) had increases in ALT or AST levels >3 times the upper limit of normal (ULN). In 10 of these 22 patients (45%), the elevations occurred within 1 month of initiating the open-label extension. No patient met the Hy's law criteria for serious drug-induced liver injury (AST or ALT >3 times ULN and total bilirubin >2 times ULN). At the time of this analysis, increased ALT/AST level had resolved in 18 of 22 patients, either spontaneously (n = 6), following treatment discontinuation (n = 6), or after dose reduction of CBD or concomitant AEDs (n = 6; n = 4 patients after dose reduction of valproic acid). In the patients not on valproic acid (57/128 [45%]), no ALT/AST elevations were observed.
| Efficacy
The decrease in the number of patients at the later 12-week treatment periods was due to both withdrawals (Table S1) and patients with ongoing treatment not having reached the later treatment periods at the time of this interim analysis. Efficacy outcomes are shown through week 48, as a 
298
| sufficient number of patients had completed 48 weeks of treatment to enable meaningful data interpretation. During weeks 1-12, the median reduction in monthly convulsive seizure frequency from the baseline period was 37.5% (a reduction from 12.4 to 7.5 seizures per month), and this reduction remained consistent at weeks 13-24, 25-36, and 37-48 (42.9%-44.3%; Figure 2A ). Percentage reductions were similar in the LOCF analysis ( Figure S1A) . Five of 104 patients (4.8%) were convulsive seizure-free in their last 12 weeks of treatment. More than 40% of patients had convulsive seizure-frequency reductions of ≥50% at each visit window; ≥25%, ≥50%, ≥75%, and 100% responder rates are shown in Figure 3A . Responder rates were generally similar in the LOCF analysis ( Figure S2A ).
Median reduction in total seizure frequency from baseline at weeks 1-12 was 39.5% (a reduction from 32.4 to 14.5 seizures per month), and reductions during the subsequent 3 treatment windows ranged from 39.0% to 50.7% (Figure 2B ). LOCF analysis findings were similar ( Figure S1B ). Three patients (2.9%) were totally seizure-free in their last 12 weeks of treatment. No patients were seizure-free over the full duration of the treatment period to the time of the data cut. Responder rates of ≥25%, ≥50%, ≥75%, and 100% remained consistent over time ( Figure 3B ), and rates were generally similar in the LOCF analysis ( Figure S2B ).
At each 12-week visit window, 2%-4% of patients reported convulsive status epilepticus and 3%-5% reported nonconvulsive status epilepticus (Table S2) ; baseline incidence was 1% and 5%, respectively.
Of the 89 patients/caregivers from GWPCARE1 Part B and GWPCARE2 who had completed the S/CGIC after 48 weeks of treatment, 85% reported an overall improvement in the patient's condition ( Figure 4A ). Similar proportions of patients/caregivers reported improvement at weeks 24 and 38.
| DISCUSSION
Our long-term trial data confirm and extend previous findings, demonstrating that add-on CBD treatment in patients with DS had an acceptable safety profile and reduced the frequency of total and convulsive seizures up to 48 weeks of treatment. Overall, the safety profile of CBD was similar to that observed in the previous 14-week, randomized controlled trial, GWPCARE1 Part B, with no new safety signals emerging. 25 Median CBD exposure in this extension study Although a greater incidence of AEs would be expected given the extended follow-up period, the most commonly reported AEs in this trial (diarrhea, pyrexia, decreased appetite, and somnolence) had incidence similar to that seen in the completed parent trial. Despite AEs of diarrhea and decreased appetite being reported in many patients, an AE of decreased weight was reported by fewer patients (5.3%) and was usually mild or moderate in severity. The incidence of status epilepticus as an AE was twice that observed in GWPCARE1 Part B (11% vs 6%, respectively), and there was a greater proportion of patients with serious AEs (29% vs 16%) and withdrawals (28% vs 13%). These findings may be explained by the longer treatment exposure in the present study.
It is known that coadministration of CBD and clobazam produces an approximately threefold increase in plasma concentrations of N-desmethylclobazam, the active metabolite of clobazam (a substrate of cytochrome P450 2C19). This may increase the risk of clobazam-related adverse reactions. In patients taking clobazam and CBD who experience bothersome sedation, a reduction of the clobazam (or CBD) dose may be considered. 28 All patients with liver enzyme elevations were receiving concomitant valproic acid, as was observed in GWPCARE1, although most patients on valproic acid (69%) did not have elevations. A possible interaction between CBD and valproic acid leading to liver enzyme elevations in patients with treatment-resistant epilepsies was also reported in a CBD expanded-access program. 29 Based on the findings of this and previous studies, patients taking valproate and CBD (especially 20 mg/kg/d) are at greatest risk of liver enzyme elevations; discontinuation or reduction of CBD and/or concomitant valproate should be considered. Higher doses of CBD, elevated transaminase levels at baseline, and-to a lesser degree-concomitant clobazam are also risk factors for liver enzyme elevations. 28 Two deaths occurred during follow-up, both due to SUDEP; this translates to a rate of ≈11 deaths/1000 patient-years, consistent with the reported ≈16 deaths/1000 patient-years among patients with DS. 6 Recurrent convulsive seizures are characteristic of DS and persist throughout life despite pharmacotherapy. 1, 14, 30 Elimination or significant reduction in the frequency of convulsive seizures is the highest priority in DS treatment.
14 In GWPCARE1 Part B, CBD reduced convulsive seizure frequency by 41% after achieving a stable CBD dose in the 12-week maintenance period 25 ; this reduction was maintained in the present trial. This finding is notable when considered in the context of the number of concomitant therapies received by enrolled patients (median 3.0 AEDs) and the number of therapies discontinued by patients before CBD treatment (median 4.0 AEDs in all patients enrolled in GWPCARE1 Part B [data on file]).
Other common seizure types in DS include myoclonic and absence seizures and focal seizures with loss of awareness, and these are included in the total seizure endpoint. 1, 14 The reductions in total seizure frequency observed in GWPCARE1 Part B 25 were maintained in this open-label extension and were similar to reductions in convulsive seizure frequency, suggesting that CBD may have sustained, broad-spectrum antiseizure properties. The S/CGIC scale, a patient-and caregiver-reported outcome measure, assesses improvement in the patient's overall condition. The proportion of patients/caregivers reporting improvement was >80% at all time points assessed, strongly suggesting that the reduced seizure frequencies were clinically meaningful for most patients/caregivers.
The mean modal CBD dose was generally consistent across each 12-week period as well as in the last 12 weeks of data for each patient, indicating that there was no development of tolerance to treatment; seizure frequency reductions were sustained without increased CBD dose.
The major limitation of our data, as for all open-label extension trials, was the lack of a placebo arm. Efficacy and patient/caregiver reported outcome data were determined as percentage changes from the pretreatment baseline from the original randomized trials. This is a potential confounding factor due to the different duration of exposure to CBD between those patients originally randomized to placebo and those randomized to CBD; however, this approach has advantages over using baselines from the beginning of the open-label extension, which would be confounded by the improvements already observed in those patients initially randomized to CBD. For this interim analysis, patients had different durations of exposure to drug, such that not all patients had completed the later treatment windows. An additional limitation of this trial is that patients were instructed to take the drug consistently with respect to meal times, but the meal composition and time of meal in relation to dosing were not recorded. However, patients were not instructed to fast; therefore patients were likely taking their medication close to meal times, consistent with a bi-daily administration (morning and evening meal). The prandial state of patients overall in the study was likely to be closer to a fed state than fasting conditions, with most patients consuming standard meals.
In this open-label extension trial, long term add-on CBD treatment had an acceptable safety profile in patients with treatment-resistant DS. Reductions in convulsive and total seizure frequency observed in the original placebocontrolled trial were maintained with continued CBD treatment up to 48 weeks, with more than 80% of patients/caregivers reporting an improvement in overall condition. Our interim analysis supports the use of add-on CBD as a longterm treatment in patients with DS.
